Background and Objectives: Ureteral injury is an infrequent but potentially lethal complication of colectomy. We aimed to determine the incidence of intraoperative ureteral injury after laparoscopic and open colectomy and to determine the independent morbidity and mortality rates associated with ureteral injury.
INTRODUCTION
Ureteral injury (UI) is a devastating complication of colon surgery with an incidence ranging from 0.2% to 1.5%. [1] [2] [3] [4] UIs are associated with an increase in hospital stay of about 4 days and additional costs of $31 000. It is unclear whether UI has a higher incidence after laparoscopic colectomy (LC) or open colectomy (OC). Palaniappa et al, 3 in a recent singleinstitution retrospective study, showed LC to be associated with a higher incidence of UI (0.66% versus 0.15%, P ϭ .007). Halabi et al 4 recently used a national database to study factors associated with UI after colon surgery and found LC to be a protective factor (odds ratio [OR] , 0.91).
UI after colectomy is infrequent and therefore difficult to study. Randomized controlled trials on this topic may not be feasible. Large databases offer enough power to perform multivariate analysis. However, multivariate analysis alone may not be adequate. There may be an inherent difference in the patient population selected for LC versus OC dependent on the disease severity. In lieu of a large multicenter randomized controlled trial, a well-matched large database analysis would provide the highest level of evidence. We aimed to use a national surgical database to compare the incidence of intraoperative UI after LC versus OC after matching the 2 patient populations on disease severity. We also aimed to determine the risk-adjusted morbidity and mortality rates associated with UI after colectomy.
METHODS
We analyzed the National Surgical Quality Improvement Program (NSQIP) database for the years 2005-2010. The NSQIP database, maintained by the American College of Surgery, collects surgical data from participating centers throughout the United States. 5 It includes preoperative risk factors, intraoperative variables, and 30-day postoperative mortality and morbidity rates for major surgical procedures.
The NSQIP provides 3 types of procedure variables using Current Procedural Terminology codes: "principal procedure," which-as the name suggests-is the main surgical procedure performed by the primary operating team; "other procedures" are operative procedures apart from the principal procedure performed by the same operating team; and "concurrent procedures" are additional surgical procedures performed by a different operating team with the patient under the same anesthetic. Each patient has 1 principal procedure and can have up to 10 other procedures and 10 concurrent procedures.
We selected all patients undergoing LC or OC as the principal procedure. All total and partial colectomies were included. Patients who had LC converted to OC were excluded from the main analysis because it is not possible to determine whether UI occurred during the laparoscopic part or the open part of the operation. Conversions were identified by a principal procedure code of open surgery and a concurrent code for laparoscopic surgery, or vice versa. We identified patients with UI by other procedure and concurrent procedure codes involving repair or drainage procedures on the ureters. A list of Current Procedural Terminology codes with their descriptions is provided in Appendix 1.
To compare the independent incidence of UI between LC and OC, we applied 2 different statistical techniques. First, we performed a standard multivariate logistic regression analysis adjusting for demographic variables, which included age, gender, race, body mass index, year of operation; clinical characteristics including comorbid conditions, American Society of Anesthesiologists (ASA) classification, diagnosis, probability of death, and probability of morbidity; and operative characteristics including partial versus total colectomy, wound class, emergency versus elective surgery, ureteral stent placement, and operative time In addition, we used coarsened exact matching (CEM) to match patients who underwent LC with patients undergoing OC on preoperative variables and severity of illness. CEM is a relatively new technique of matched analysis and is considered superior to other matching techniques (eg, propensity score matching) because it uses monotonic imbalance bounding (reducing the balance in 1 factor has no effect on other factors), therefore eliminating the need for multiple iterations of matching and balance assessment. 6 CEM involves temporarily categorizing (coarsening) data, performing exact matching, and then running an analysis on the uncoarsened, matched data. We used a 1:1 matching criterion. After CEM, conditional logistic regression was used to account for the loss of independence between the 2 groups as a result of the matching process.
Patients were matched on age, gender, race, emergency versus elective procedure, diagnosis, ASA class, type of surgery, predicted probability of death, and predicted probability of morbidity. These "predicted" variables are provided in the NSQIP and are derived by logistic regression analysis on patients' preoperative characteristics. These are measures of severity, and matching on these probabilities provides for adequate comparative-effectiveness research. Even though patients in this sample are not randomly assigned to either group, this matching scheme virtually eliminates bias in technique selection (open versus laparoscopic) and provides for 2 equal groups of patients for adequate comparison.
We also wished to determine the independent association of UI with postoperative morbidity and death. For this, we performed separate multivariate logistic regression analyses with each major postoperative complication as a dichotomous outcome variable. Predictor variables in the model included "ureteral injury" and all the previously mentioned pre-existing and operative variables.
Because conversions were excluded from the main analysis, there is a potential for selection bias to occur in favor of LC. It is possible that an LC was converted to open just because of a UI, and leaving these patients out or including them in the open group could potentially bias the results in favor of LC. However, including these patients in the LC group is also not ideal because UI could have occurred during the open part of the procedure; this would bias the results in favor of OC. We therefore excluded converted patients from our main analysis and conducted a sensitivity analysis including all conversions in the laparoscopic group. Considering "intention-to-treat" analysis, we considered this to be appropriate. It is expected that conversions would be few in number and Ureteral Injury After Laparoscopic Versus Open Colectomy, Zafar SN et al.
their overall influence on the difference between the incidence of UI after LC and OC would be minimal. In addition, because the sensitivity analysis has an opposing bias to the main analysis, we can be assured of the minimal influence of this bias if the results from both analyses favor the same procedure.
RESULTS
Of the total 1.3 million major surgical procedures in the NSQIP (2005-2010), there were 95 443 colectomies (7%). After we excluded 906 "laparoscopic converted to open" procedures (0.9%), there were 94 526 procedures available for analysis. Of these, 61 434 (65%) were performed open and 33 092 (35%) were completed laparoscopically. Table 1 shows a bivariate comparison of pre-existing and operative characteristics between the groups. Patients in the open group were more likely to be older (48 years versus 46 years), female (53% versus 47%), of minority race (black race, 10% versus 7%), obese (body mass index Ͼ35 kg/m 2 , 14% versus 12%); have a higher ASA class (ASA class 4, 13% versus 3%); undergo an emergent procedure (23% versus 4%); and have higher probabilities of death (25% versus 15%) and morbidity (2.5% versus 0.4%) (all P values Ͻ .001). An attending surgeon was present in all cases. The rate of a preoperative diagnosis of diverticulitis was higher in the laparoscopic group (23% versus 15%), and partial resections were more common in the laparoscopic group (93% versus 73%) (P Ͻ .001).
UIs occurred in a total of 585 cases (0.6%). The incidence in the open group was slightly higher than that in the laparoscopic group (0.66% versus 0.53%, P ϭ .016). Table 2 shows an unadjusted comparison of major complications and deaths between the 2 groups. Patients in the laparoscopic group had lower rates of complications and death. Surgical-site infection showed the highest incidence (9% in the open group versus 6% in the laparoscopic group), followed by return to the operating room (9% versus 5%), sepsis (6% versus 3%), and reintubation (4.5% versus 1.3%). The crude mortality rate was 7.3% in the open group versus 1.1% in the laparoscopic group (P Ͻ .001).
Multivariate logistic regression analysis showed LC to be 39% less likely to be associated with UIs (OR, 0.6; 95% confidence interval [CI], 0.49 -0.75). CEM produced 14 630 matching pairs. After matching, the imbalance between the 2 groups measured by the L1 distance was 0.02. The L1 distance provides for a global multivariable measure of imbalance between 2 groups. It ranges from 0 to 1, where 0 equals perfect global balance. Even after matching, the incidence of UI was higher in the OC group than in the LC group (0.71% versus 0.50%, P ϭ .027). Conditional logistic regression showed the likelihood of having a UI to be 30% less for LC versus OC (OR, 0.70; 95% CI, 0.51-0.96) (Figure 1 ). Sensitivity analysis with conversions included in the LC group showed similar results (OR, 0.75; 95% CI, 0.56 -0.99).
UI was associated with several complications. Figure 2 shows the incidence of complications among patients who had UIs. Table 3 shows independent factors associated with UI. Patients with UIs were more likely to have septic complications and have longer lengths of stay.
DISCUSSION
UI after colectomy is infrequent; however, the consequences are dire. In our analysis of a national surgical database, the overall incidence of identified UIs during colectomy was low, at 0.6%. Colon resection is one of the most common procedures performed in the United States, with Ͼ200 000 colectomies performed per year. 7 Therefore 1200 to 2000 patients are estimated to have iatrogenic UIs during colon resection each year. A recent analysis of a national database showed an increasing incidence of UI after colectomy from 0.23% in 2001 to 0.38% in 2010. Patients with UI have a myriad of short-term and long-term complications, including sepsis, renal failure, return to the operating room, ureterocutaneous fistulae, strictures, and even the need for a nephrectomy. 1,8 -10 In our analysis, even after we adjusted for other covariates, UI was associated with systemic and septic complications. Our analysis only accounts for UIs identified during the operation. Studies have shown that up to 40% of UIs related to colectomy are diagnosed postoperatively. 10 UIs diagnosed late are associated with a higher number of complications, number of procedures, and mortality rate. 8 -10 Regardless of the procedure performed, diligence while dissecting in proximity to the ureters is paramount. Techniques that decrease the likelihood of UI should be preferred. 2 In our analysis, after we adjusted for preoperative and intraoperative characteristics, LC was associated with a 30% lower likelihood of UI. In theory, 2 fewer patients would have a UI for every 1000 colectomies performed laparoscopically.
Our results are in contrast to a recent study in which LC was associated with a higher incidence of UI. 3 That study, however, being a single-institution study, was limited by the numbers. Because only 14 patients had a UI, multivariate analyses were not possible and conclusions were based on crude results. Patients receiving OC and LC differ from each other in several ways, including demographic characteristics, disease severity, diagnosis, and intraoperative characteristics. These can confound the association between operative technique and the occurrence of UI and need to be adjusted for. Using a national database of several centers across the United States, we were able to identify 585 colectomy-related UIs. This allowed us to appropriately adjust for preoperative and intraoperative confounders and therefore provide more reliable estimates. Halabi et al, 4 in a recent national database study, also found a protective effect of LC when compared with OC. However, because determining the difference in the incidence of UI after LC versus OC was not the main objective of their study, they did not match patients based on injury severity. We used robust matching techniques that, in lieu of a multicenter randomized controlled trial, provide for the highest level of evidence.
Several studies have described the various advantages of LC over OC. LC provides for less blood loss; an earlier return of bowel function; a lower analgesic requirement; fewer wound infections; fewer intra-abdominal abscesses; fewer cardiovascular, respiratory, gastrointestinal, and overall complications; shorter lengths of hospital stay; and even fewer deaths. 7, [11] [12] [13] [14] [15] [16] [17] Even though operative times are longer and operating room costs are higher, the overall hospital costs are lower. 14, 18 The use of LC has grown substantially over the past 5 years. In the years 1996 to 2004, only 2% to 6% of colectomies were performed laparoscopically, but these rates increased to 15% in 2008 and 31% in 2009. 19, 20 In our study this rate of increase was very similar, at 25% in 2005 and 40% in 2010. As more surgeons are accustomed to the techniques, the outcomes are expected to improve. In our study, the rates of UI after LC declined from 0.9% to 0.5% from 2005 to 2010.
An important limitation is that we were only able to study UIs that were identified intraoperatively. As mentioned earlier, up to 40% of colectomy-related UIs are identified postoperatively. 10 Data regarding postoperatively diag- nosed UIs were not collected as part of these data. It is hard to determine how missing these delayed UIs would affect the results of our analysis. It is not known whether a UI is more likely to be missed with laparoscopic or open procedures. Because no large database collects information on UI as a postoperative complication, this issue is difficult to study. We believe that the missed UIs would most likely be equal with LC or OC. A large multicenter study over the span of several years will need to be performed to sufficiently assess this question. Nonethe- a Chi-square test. b ARF ϭ acute renal failure; LOS ϭ length of stay; MI ϭ myocardial infarction; OR ϭ operating room; PE ϭ pulmonary embolism; SSI ϭ surgical-site infection; UTI ϭ urinary tract infection. less, our study pertains to only UIs identified intraoperatively, and it is left to the reader's discretion to extrapolate these results to encompass postoperatively identified UIs or not. In addition, our analysis does not account for planned ureteral resections that may occur in some cases, such as en bloc resection for tumors. However, we believe that these cases would be too few in number to significantly affect the analysis. Moreover, even though we used robust statistical techniques, our analysis is limited by the data available in this retrospective study. We were unable to match on clinical factors such as prior abdominal surgery, tumor size, or urinary tract involvement by tumor. These factors may have influenced a surgeon's decision to perform LC versus OC. In addition, there is an issue of generalizability. Data for this study have been derived from Ͼ95 000 operative cases from Ͼ200 centers across the United States participating in the NSQIP. These include both academic and nonacademic centers. Even though this is the largest study to date on this topic, the sample is not derived from a probability sample and is therefore not nationally representative.
Preoperative stent placements comprise another issue. Procedure codes for transurethral ureteral stent placements concurrently with colectomy likely represent prophylactic stent placements. Stent placements in our analyses were not associated with a higher or lower incidence of UI. However, our study was not designed to test this hypothesis, and readers should not draw such conclusions. The addition of "stents" placed in our model was done merely to adjust for confounding measures.
CONCLUSIONS
In a national surgical database, the overall incidence of identified UIs during colectomy was low, at 0.6%. However, patients with UI have devastating consequences, with increased in-hospital complications and prolonged hospital Figure 2 . Incidence of adverse outcomes among patients with ureteral injury after colectomy. ARF ϭ acute renal failure; infxn ϭ infection; insuff ϭ insufficiency; MI ϭ myocardial infarction; OR ϭ operating room; PE ϭ pulmonary embolism; SSI ϭ surgical-site infection; Sup ϭ superficial; UTI ϭ urinary tract infection. stays. Extreme caution must be practiced while dissecting around the ureters. Techniques to avoid intraoperative UI would save significant morbidity and cost. In our analysis LC was associated with a slightly lower incidence of UI when compared with OC. Our results favor the uptake of laparoscopic procedures for colon resection.
